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PROVISIONAL SPECIFICATION < 



FOR THE INVENTION ENTITLED:-. 



"POLY-PHASE ELECTROMAGNETIC DEVICE HAVING AN IMPROVED 
CONDUCTOR WINDING ARRANGEMENT" 



The invention is described in the-foilowing statement:- 




. . - ma^etic^y ^^cbn^udya;stMfctffi:e into JiwMch an ^ electrically, conductive Winding ^ . .-. .K : : 

. r ."-5 wound.: V ; .^ A £'* A . ' ' . ;* : "".'i -*'/*. -!--•-* /: VV •"" i • • -'y'":-. 

. The invention h^ b^ 
bedescribddin detail in reference to ^ 

those skilled in the art that the inventive principles are equally applicable to radial flux 
mbtors or generators and indeed a^y otfief electroxnagnetic device tha 
10 magnetically conducive structure ihtp which a conducive winding is woiund. 
Any discussion of the ^ 
considered as an admission that such prior art is widely known or forms part of common : 
general knowledge in the field. . 
Background 

15 When trying to optimise the power tp size arid/or wei^it ratio of a poly-phase 

electromagnetic device such as a motor of the kind described above, the packing and 
spacing of the electrical conductor phase windings within the magnetically conducive 
base is an important factor. In this regard the use of ; a magpetically conducive base 
within which to restrain the magrietic flux has the known advantages of effectively. 

20 concentrating the magnetic field. This improves functionality of the motor due to a 

higher concentfation of magnetic flux : , at the sai»e time reducing the precision necessary 
for machining and opefating toierances. 

In order to optimise the- power density of the device, it ; is desirable to have a base 
and winding configuratioh that is capable of minimising the; size arid mass of the . 
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. - dew^^ injconstil^^ .; . 

: .. where ffie^has^dhigs ^wto\m<ttoia :• 
5 with eacfcphase offset . 

. interferende of Separate phise windings; in Aeft&on between slots, knpwn as the end 

turn, as m some places there must be three windings occupying the same end turn space. 

^s means the slots and base must be sized to accommodate 

: thdugh those slots mil only rieed to house one winding, resulting in redundant mass and 
10 material in the base. Further, the non-active end turns of such an aErrangement have to be 
fairly long because of the increased slot depth and uneven packing in each slot This: 
results in bulky end turns that make it difficult to adapt such motors for use where 
housing space is minimal. Further, it is a waste of expensive conductor winding 
materials and also has sifjnificant negative impact on operational efficiency due to 
15 unnecessary Ohmic heating in the: lengthened conductors. An alternative method is also 
employed where extremely long non-active end turns are employed, allowing enough 
room for each end turn to completely clear thp others and simultaneously filling the slot 
completely, however the prohibitively long end turn employed in this case causes the 
same material wastage and efficteiicy problems as those mentioned with the previous 
20 technique^ 

One solution proposed by the applicant has been to provide a three phase, 
multiple conductor strand, wave winding arrangement for an axial flux mptpr that 
achieves a maximum of two phase end turn overlaps between slots, thus giving reduced 
end turn lengths around the majority of motor periphery. However, this arrangement 
25 still requires external joining of the multiple conductor strands at the ends of each phase 



" ":' ^bey<%me^f o£t& wii^ § 
5... tomorahnost i^os^ 

•my convenifent.fo automatic)^ :.- , 

5 viability, of such a design. ;: . V- } : 

: Itis^ 

the discWsed disadyantages of the p 
: Summary of the Invention ' • :. 

: According; to a first aspect of the invention there is pro^ 
10 electromagnetic device haying ii winding phases (where n is greater than 2), said device 
including: 

n separate electrical conductor phdse windings, eaph phase winding being made 
from two or more coextendihg electrical conductor strands; 

a magnetically conducive base haying a plurality of slots adapted to receive 
15 active portions of the phase windings therein; 

each said phase winding comprising a series of interconnected; lap form sub - 
windings, with each sub-winding defining two active arms that, extend through two 
spaced apart non-adjacent slots in the base joined by suitably Formed end turns and two 
connecting arms for connection 
20 wherein said phase windings are confijgured such that on assembly of the phase; windings 
tot the magnetically conducive bas;e there is a maximum of n-1 sub-winding end turns 
overlapping, while the lengths of the end turn? are simultaneously mmimised. 

In a preferred form the deyice has three phase windings each made from lap form 
sub-windings with alternative sub^wihdings being wound in opposite directions, with the 




closely adjacent &e.m , v \ : * 

■ . j 5 in a.first forffi, thelap form sub-windings are m^ufactured in. the form of 

discrete bobbins comprising a multiple of conductor strand turns \yith connection points ... 
. at each end for jpkiiiig with; an adjacent bob^ same ph^e. In an alternative form 

the lap form phase windings are formed from a continuous length of conductor Strang tp 
: form intertbrinected lap sub-windings which is particularly pited to mass production 

10 tedmques.- 

According -to a second embodiment of the invention there is. provided a poly- 
phase electromagnetic device having nwihdta^ 
device including; 

n separate electrical conductor phase windings, each phase winding being made 
15 from a single electrical conductor strand; 

a magnetically conducive base havrng aplwality of slots adapted to receive 
active portions of the phase windings therein; / 

. each said phase winding comprising a series of spaced active arms that extend 
through spaced aparf nbn-adjacent slots in the base; each active arm being connected 
20 with an end turn or ^ terminal in a continuous wave fonnation^^ 

wher&n said phase windings are configured such that an assembly of the phase 
windings to the magnetically conducive base there is a maximum of n 7 l sub-winding 
end turns overlapping while sim^ 

Preferably, tfiei phasd windings are intertwined in a plait like configuration to 
25 achieve the n-t end t^ 

? • 
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_ >; ■ - ; : r - ^ a pfefeir&i foi^ihe poly^^e 1 ^ . 
V ph^axial41uxmofe^^ \v *V."1"" • *' 

: ;/ 5 : Bifef Direc ii pt^ : . /*/ "\ 

Preferred embodiments of the invention wm now be 
example only, with ^ reference to the accpm 

. Figure 1 is a photpgraph of a prior art three-phase multiple conductor strand axial 
fluk stator with n-1 overlap ^ wave finding showing the; bulging conductor strand end 
10; joins; 

Figure 2 isVa schematic illustration of a common prior art three phase winding 
arrangement; 

Figure 3 is a photograph of a first embodiment three phase, axial flux stator 
which has been wound, according to a first aspect of this invention; 
15 Figure 4 is a schematic illustration of ah n*l overlap winding arrangement 

according to the invention; 

Figure 5 is a computer generated illustration of the stator shoWn in Figure 3 for 
clarity; v 

Figure 6 is: a computer generated iUiistration of the 
20 conducive base of the stator sho^ iri Figure 5, without tte three phase winding; 

Figure 7 is a computer generated illustration showing only the three phase 
wmdmg of Figure 5> ^ 

Figure 8 is a computer generated illustration of two examples of lap form sub- 
winding or "bobbin" as would be employed in the example of Figure 5 having opposite 
25 winding directions; 
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;;. -.v.: . : . .: -Figures^ \ :: „ ' : V ..\.'^- .-"v. 3 .A ;.:.:/.■ -/-i. _f , 

:.:> .. : ::ji^;10iisacpMp^ . " Hz 

. 5^ f p hasewu>h^;wit^^ 

example of Figure 5; .; •' - ' ' 

J .Figure Ills acomputer generated illustralion of another 

. a^praancewitha second 
'..'■'• r . . ..employed 1 foreabh;^ 

10 Figure 12 is a computer generated illustration of one of three compjetephase 

wmdihgs; .without showing end terminations, as would be employed in the example of . 
Figure li. 

Detailed Description of the Invention 

Figure 1 shows a complete prior art three phase axial, flux motor/generator stator 

15 having a wave winding corifig^ation showing the problems with: bulging connections. 1 
where the multiple strands of each phase winding are joined, The increase in radius of 
the stator is clearly visible attfris point. This is adistinct disadvantage with this form of 
motor winding, increasing the level of shaft concentric diametric clearance required 
around the motor and at the same time ihcreasnig the cost and size of any casing that 

20 might be used/The windings produced are also extremely complex, typically requiring 
CNC manufacture from copper plate wmch is expensive ah^ 
with a high degree of complexity! as many different bends of Afferent rad^ 
required. As an added levefof complexity, once a windmg is complete^ 
to be end joined, which requires marking each Mividual end and ensuring that . 

25 appropriate ends are joined together. Automation of this process is extremely difBcult. 




5 magnetically TOriducive Theend turn region defined by. 6 shows: the #ea vvhere 

alttbfSe phase Wftuim overlaps .*.*.. 
^sre^on/thisis^ 

be^^'fironr^'ttvonii, only a small amount of winding cross section fits into theslot 
'area sb slot pkcking derisi^ is very loW: An altem 

10 extremely elongated end turns wffich may be overlapped without compromising on slot 
packing density, however this method suffers from an increased material requirement : 
and Ohmic heating losses in the elongated end turns. While these methods for stacking a 
winding within slots are very simple to construct with each winding being wpi^nd 
separately on tpp.of the previous, they do not lend themselves to an efficient design in 

15 terms of either materials ..use or ^ electrical efficiency. 

Figure 4 is a simplified diagram in the same style as Figure 2, however showing 
an improved winding stacking arrangement in accordance with a part of this invention, 
whereby end turn interference is reduced; The diagram shows that only two end turps 
interfere with each other in the. three phase system* hence n-1 overlaps in n phases. 

20 Figure 3 Shows a complete ^ifcee phase a^al flux moto^ 

accordance with; the first aspect of the invention. The conductive winding inserted into 
the slotted magnetically conducive base 5 can be construpted by several methpds.. The 
first method is to construct separate-lap elements or bobbins*' comprised of> l^p 

. winding each With frailihg ends,:;Haif of these elements are wound in a forward ^ winding 

25 direction and half in areversed direction. The reversed lap winding elements, afe then 
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',; '; bobbins witl^^ u \ ! 

5 ? the phases cpnri^jted tog^tiier.to form a istar point and the remaining ibnds left free as the 
motor / geaieratpr tennmatibn point End joins are required: both at the top of the i 
: structure 7 and at thebottom of the structure 8, 

•: Figure 5 shows ;a computer generated model of the first aspect of the invention as 
shown in Figure 3 . For clarity, each of the three s^arate p^^ 
10 : shade of grey: Upper 9 and lower 10 end joins are shown as in Figure 3. For simplicity, 
the windings have a rectmgular. cross section which refl^^ 
typically contain multiple loops of conductor strand. 

Figure 6 shows only the magnetically conducive base portion of Figure 5, with 
the windings removed. The slots i in the structure can be clearly 
15 Figure 7 shows only the three phase winding portion of Figure 5, not showing the 

magnetically conducive base/ As in Figure 5; each of the three separate phases 11,12,13 
are shown in a different shade of grey.. 

Figure 8 shows twb typfes of single lap form sub-windings or **bobbins" which 
suit the embodiment shown in Figures 3 & 5 . The two lap elements shown are wound in 
2Q opposite directions and are not identical, also called an upper and lower bobbin. Whilst • 
end turn bend directions are the same for the two bobbins, the position of the connecting 
arms is reversed to suit the reversed winding direction! Each bobbin is formed of two or 
more coextending electrical conductor strands, however the simplified computer 
generated diagram only shows the envelope which would enclose those strands. Each 
25 sub^winding defines two active arms 14 that extend through twb spaced apart non 
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. upperJbo^ G *^*^$ y ?U^f : -.*''; 

5 "rad^y^»^yias:^s. would iiit^ffrare ^th%4 end t^. Instead, fteannsexteijd; : 
gmerally axially upward ^ gaps formed between the end , 

tum and the base to help control the overall packing volume of the device. Figure 9:is a 
close-updiagram of a portion of showing only four bobbins, diagram is 

: included to mmcate the .. 
10 bobbins. TWo bobbins 17 m this Figure are of meisame phase winding and are therefore ; 

connected 18, • ■ 

Figure 10 shows a single complete phase winding which suits the embodiment 
shown in Figures 3 & 5 . TWs.particuiar wmdmg is comprised of 
lower bobbins and does not show winding terminations for the sake of simplicity. When 
15 a completed winding such as the one demonstrated in Figure 10 is to be manufactured by 
the aforementioned method with discrete bobbins^ then eight separate bobbins are 
required and must be each electrically ; end j oined by a method such as crimping and 
soldering.. Typically, these end joins would be prepared once the bobbins had been 
inserted into the slotted magnetically conducive base. 

■ " ' .... - _ ...... 

20 Using the second method, the lap elements are wound without stopping to form 

three complete phases. These phas^ afe mus 

mterconnection required^ negating tiie need to end join. The phases may be wound 
. directiymtomemagheticaUy^ 
direct winding, or wound: separately oh a jig and plaited together to form a complete 
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5 ^W^E : ^cfrii:&SEtM^fi) ffie^ottedmSgrtSticaliy conducive b^f^indings ; r - 
: " -:1 ibriiri^i^^ O-'av. 
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.'- the l^tmetHbd ^an^stnk^ refer^fo 1^ >fa^g^^^ coiwluctpr (: 

;i iheachla^^^ 
5 ; coetistbgitra^ 

similar.methodL Windings foiinedin tins manner cim b^ known as single turn 
windings, do not tequire end joining, and look like the axial flux example shown in 
Figure 11. this method has advantages in special cases which require hi^h;curreiit, ■ 
• torque and/dr efficiency, along with simple nianufacturing. the windings pari either he 
10 formed separately for simplicity, since all three windings are: the same, or ail three 
formed sirnultaiieOusly incorporating a star point and termination points at the same 
time. An example of an individual winding formed using this process is shown by 
illustration in Figure 12. ; Note that whilst bobbins are not required: for this winding, an 
"end join region" is still needed to overlap other phases, and this end join region still 
15 needs to be bent either up or down to form the required clearances. 

Whilst the invention has been described with reference to specific examples of 
axial flux motors, it wfllbe.appreciated by those skilled in the art that the various aspects 
of the invention may be embodied in many other forms. In particular the invention suits 
the common radial flux motor/generator; geometry in both internal arid external rptor 
20 variants. The invention can be equally applied to transformer windings hi situations 
where the improved packing ; density is desirable, In all cases, ttie invention applies to n 
phase systems where n is greater than 2 and a conductive winding is- wound into a 
: magnetically conducive base: 
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V : . - each phase win^ more cqe^rtehdi^ ; .. 

5 str&ds; amaj^tic^^ Of slots adapted tatectiye j ? . 

; active portioiis of thie phase windings therein; each said phase v^ding comprising a : 

series of interco^ec^ '. — 

\ . active Amis f^-^t^.fl^U^ihvo^ac^d apart non-adjacent ; slots; in the base joined by 
suitably fonnedend^ 

10 windings- or terminals; whereiii said phase windings are configured such that on 

assembly of the phase windings to the magnetically conducive base there is a maximum 
of ri-1 sub-winding end turns overlapping, while the lengths of the end turns are 
simultaneously minimised. 

2. A device according to claim 1 wherein one or more adjacent lap form sub- 
15 windings are wound in opposite directions. 

3. A device according toxlaim 1 or claim 2 that has three phase windings each 
made firbih lap form sub- windings with alternative sub-windings being wound in 
opposite directions. 

. 4; ' A device according to any one of the preceding claims where the connecting 
20 ariris aire configured to extend within gaps formed closely adjacent the magnetically 
conducive base. 

5> A device according t6 any one of the preceding claims the lap form sute 

: windings are manufacture 

conductor strand turns with connecting arms at each end for joining with an adjacent 
25 bobbin of the same phase. 
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- : / 8/ : A lap form ^bv^d^gVaccordiig to slaim 2 wherein cptoecting anns are located 



at different corner^ for a reverse Wdrad lap form subwinding as compared: to a iforward 
. wound ' ;■; **" 
9. > - : A?i)dly-ph^e eiiectto&agaetic d6vice.ha.ving n winding phases (whereriis 

i o greater than 2), said device including n separate electrical conductor phase; windings, 
each phase winding being made, fi^m a sin^e electrical conductor strand; a ma^^ 
conducive base having a plurality of slofe adapted to receive active portions of the phase 
findings therein; each said phase winding comprising a series of sp^ 
extend through spaced apart non-adjacent slots in the base, each active arm beipg 

15 connected with an end turn cir termihal.in a continuous wave formation; wherein said 
phase windings are configured such that an assembly of the phase windings to the 
magnetically conducive base there is amaximum of n-X sub-winding end turns 
overlapping while simultaneously miniimsing the lengths of the end tutt 
4.0; A device according to claim 7 wherein each phase winding is manufactured as a 

20 simple pressing or forged component . : 

.11. A device according to any one of the preceding claims haying an axial flux 
configuration. 

12. A device according to any one of the preceding claims having a radial flux 
configuration. - 
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5: 14? A method of manu^tutft^ a device ^.aceprdmito cl^m fc? or3 \yh<?eby a ; . 
: completed n phase^dmg is foim of conductor into the slotted • 

magnetically .conducive. base. . :: . 
. Dated this 1:5*'^ 

iN MOTION TEGHNOLOGi^ -PTy LTD . 

10 . :. Attorney: CAROLINE M. BOMMER . 

Fellowlnstituteof Patent and Trade Mark Attorneys of Australia 
of Baldwin Shelston Waters 
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Figure 9 
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